Non-alcoholic fatty liver disease (NAFLD) is associated with chronic kidney disease (CKD). The aim of this retrospective study was to determine the risk factors for progression of CKD in patients with biopsy-proven NAFLD including patatin-like phospholipase domain containing 3 (PNPLA3) polymorphism. A total of 344 patients with biopsy-proven NAFLD were enrolled consecutively in this study. Multivariate analysis identified males (odds ratio (OR) 5.46), age (per 1 year, OR 1.07), and FIB-4 index (≥1.30, OR 3.85) as factors associated with CKD. Of the 154 patients with a baseline estimated glomerular filtration rate (eGFR) ≥60 mL/min, 30 had a deterioration in CKD stage and 15 developed CKD after 3 years. Multivariate analysis identified diabetes mellitus (OR 2.44) as a risk factor for deterioration in CKD stage, while diabetes mellitus (OR 21.54) and baseline eGFR (per 1 mL/min OR 0.88) were risk factors for development of CKD. PNPLA3 did not affect the change in eGFR. In NAFLD patients, a high FIB-4 index was associated with CKD to increases in the index linked to reductions in eGFR. In order to prevent development of CKD, an appropriate therapy focusing on renal function is needed for NAFLD patients, especially those with diabetes.
Introduction
Non-alcoholic fatty liver disease (NAFLD) is the most common chronic liver disease in Japan and in all countries in the world and has a prevalence of 25-30% in the general adult population [1] . NAFLD covers a wide spectrum of diseases from non-alcoholic fatty liver (NAFL), which is usually benign, to non-alcoholic steatohepatitis (NASH), which can sometimes lead to liver cirrhosis or hepatocellular carcinoma (HCC) without significant alcohol consumption [2, 3] . NAFLD also affects extra-hepatic disease such as type 2 diabetes mellitus (T2DM), cardiovascular disease, and chronic kidney disease (CKD) [4] [5] [6] [7] [8] . Of these diseases, there is growing evidence to support the concept that NAFLD affects the incidence of CKD. For example, a meta-analysis examined the association between CKD and NAFLD and showed that the risk of incident CKD in patients with NAFLD was significantly greater than in those without NAFLD (hazard ratio (HR) of 1.37). The analysis also showed that this risk increased with the severity of NAFLD [9] . Arase et al. reported that the annual incidence of CKD in Japanese patients with NAFLD was 1.2% and showed the risk of developing CKD was increased by five factors: low estimated glomerular filtration rate (eGFR), older age, T2DM, hypertension, and elevated gamma-glutamyltransferase (GGT) [10] . There is also evidence of the relationship between NAFLD and CKD from four long follow-up cohort studies [11] [12] [13] [14] . However, in the majority of these earlier studies, the diagnosis of NAFLD was based on a non-invasive biochemistry index or ultrasonography, with the subjects detected mainly in health-check cohorts that were restricted to diabetic patients or men. It is well known that the non-synonymous single nucleotide polymorphisms (SNPs) of rs738409 in the patatin-like phospholipase domain containing 3 (PNPLA3) that encodes the p.I148M (isoleucine-to-methionine substitution at residue 148) is associated with the development and progression of NAFLD, NASH and hepatocellular carcinoma. There is therefore a paucity of longitudinal follow-up data of changes in renal function in outpatients with biopsy-proven NAFLD. Furthermore, whether improvement or deterioration in NAFLD and PNPLA3 polymorphism affect the progression or development of CKD remains unclear.
The objectives of this study were to clarify the prevalence of CKD and the risk factors for CKD in patients with biopsy-proven NAFLD, and to measure changes in liver function to determine the risk factors for deterioration and development of incident CKD including PNPLA3 polymorphism in a follow-up cohort.
Results

Patient Characteristics
We enrolled 173 patients in the follow-up cohort after excluding 171 patients who had been followed-up for less than 3 years. A total of 154 patients with an eGFR >60 mL/min at baseline were analyzed for changes in CKD stage and incident CKD during the follow-up period (Figure 1 ). Table 1 summarizes the demographic profile and laboratory and histologic data of the total study and follow-up cohorts. The total study cohort included 165 men (48.0%), median age of 57 years, with 255 patients (74.1%) diagnosed with NASH, 145 patients (42.2%) with hypertension, and 143 patients (41.6%) with T2DM. Sixteen of the patients in this cohort had cirrhosis. A FIB-4 index <1.30 was seen in 145 patients (42.2%) and a FIB-4 index ≥3.25 in 49 patients (14.2%). The 282 patients in total cohort, and 167 patients in follow-up cohort were analyzed PNPLA3 polymorphism.
Prevalence of Chronic Kidney Disease (CKD) and Associated Factors
Median eGFR was 78.7 mL/min in the total study cohort. Eighty-four patients (24.4%) were diagnosed as CKD stage 1, 225 patients (65.4%) as CKD stage 2, and 35 patients (10.2%) as CKD stage 3. Univariate analysis showed six parameters were associated significantly with CKD stage 3, with multivariate analysis identifying male (OR 5.46, p < 0.001), older age (OR 1.07, p = 0.003), and high FIB-4 index (≥1.30, OR 3.85, p = 0.036) ( Table 2 ). The PNPLA3 polymorphism were not associated with CKD stage. The prevalence of CKD stage 3 in the subgroup with a FIB-4 index ≥1.30 was 15.6%, a value significantly greater than that in the FIB-4 index <1.30 subgroup (2.8%). The prevalence of patients with CKD stage 3 was not different according to PNPLA3 polymorphism. The abbreviations are defined in Table 1 . OR, Odds ratio; CI, confidence interval. a Estimated using logistic regression analysis.
Change in Renal Function and Risk Factors for Incident CKD
During the 3-year follow-up period, body mass index (BMI) and the results of liver function tests including those for aspartate aminotransferase (AST), alanine aminotransferase (ALT), and gamma-glutamyl transferase (GGT), total cholesterol, triglyceride, low-density lipoprotein cholesterol (LDL-C), and FIB-4 index were all significantly ameliorated. In contrast, eGFR decreased significantly from 80.0 mL/min to 75.5 mL/min (p < 0.001). In 42 patients with CKD stage 1 at baseline, 17 (40.5%) had a deterioration in renal function to stage 2, while 15 patients (13.4%) with stage 2 at baseline progressed to stage 3. Conversely, 17 patients (9.8%) had an improvement in their CKD stage during the follow-up period.
In the 154 patients with CKD stage 1 and 2 at baseline, 30 patients (19.5%) progressed to a worse CKD stage, while 15 patients (9.7%) had developed CKD by the end of the follow-up period. Table 3 shows a comparison of the baseline characteristics grouped according to changes in CKD stage and incidence of CKD. There were no significant differences between the two groups for the prevalence of NASH, sex, age, BMI, liver function including FIB-4 index, histological findings or PNPLA3 polymorphism. The prevalence of hypertension was significantly higher in the group that developed CKD than in the group that did not (p = 0.026). The prevalence of T2DM was significantly higher in the groups that had deterioration in CKD stage group or developed CKD (p = 0.026, p < 0.001, respectively). eGFR was significantly lower in the group that developed CKD compared with the group that did not. All the patients who developed CKD had stage 2 CKD at baseline. Liver histological severity and PNPLA3 polymorphism showed no association with change in CKD stage or incident CKD.
We performed multivariate analysis using sex, age, T2DM, hypertension, FIB-4 index at baseline, and eGFR at baseline as the covariables. This analysis identified T2DM (OR 2.44, p = 0.047) as a risk factor for a deterioration in CKD stage, while T2DM (OR 21.54, p = 0.005), and low eGFR at baseline (per 1mL/min, OR 0.88, p = 0.001) were risk factors for the development of CKD ( Table 4 ). The prevalence of patients with a deterioration in CKD stage from 1 to 2, and 2 to 3 was 27.6% and 9.5%, respectively in the subgroup with a decreased FIB-4 index. The corresponding proportions in the subgroup with an increased FIB-4 index were 53.8% and 21.1%, respectively ( Figure 2 ). Fifteen patients (29.4%) in the group with an increased FIB-4 index had a deterioration in CKD stage, a rate significantly greater than that observed in the group with a decreased FIB-4 index (14.6%) (p = 0.033) ( Figure 2 ). There was no significant difference in eGFR at baseline in data stratified according to changes in the FIB-4 index or presence of T2DM. At the end of the follow-up period, eGFR in the group with a decreased FIB-4 index was significantly greater than that measured in the group with an increased index (p = 0.020). Patients with T2DM also had significantly lower eGFR than those without T2DM at the end of the follow-up period (p = 0.008). The change in eGFR in the group with an increased FIB-4 index was significantly greater than that in patients with a decrease in the index (p = 0.049) ( Figure 3a ). Median eGFR of patients with T2DM decreased from 80.7 mL/min at baseline to 74.9 mL/min at 3 years follow-up (p < 0.001), while patients without T2DM had a decrease from 81.4 mL/min to 79.5 mL/min (p = 0.004). This difference between the two groups was statistically significant (p = 0.026) ( Figure 3b ). 
Discussion
This study investigated the prevalence of CKD and the association of the FIB-4 index with renal function in Japanese NAFLD patients. The FIB-4 index was not only associated with CKD, but also an increased index was a risk factor for deterioration in CKD stage. This study is the first report to clarify the correlation between changes in FIB-4 index and renal function in Japanese patients with NAFLD, based on the results of liver biopsies.
Of the study cohort, 10.2% had CKD, with data analysis showing a FIB-4 index ≥1.30 was an independent risk factor for development of CKD, in addition to male gender and older age. Previous studies in Japanese NAFLD cohorts have identified hypertension [10, 15] , eGFR <75 mL/min, ≥50 years old, T2DM, and a GGT ≥109 IU/L [10] as risk factors for CKD. The differences between these studies may reflect the characteristics of the cohorts such as the prevalence of males, NASH, and the diagnostic criteria for NAFLD. For example, the health check cohort included a high prevalence of men and younger subjects. In contrast, the hospital-based study included elderly subjects with a high prevalence of NASH and metabolic syndrome. Our data did not identify obesity as a risk factor for CKD. The influence of obesity on the development of CKD remains controversial. A large prospective observational cohort study in Korea reported that obesity was associated significantly with a 1.41-fold increase in the risk for adverse changes in renal function [16] , whereas another large-scale cohort study in a CKD population with diabetes showed that the prevalence of metabolic syndrome, but not obesity, was associated significantly with CKD [17] . The influence of the metabolically healthy obese patients may be a reason for this discrepancy. Hashimoto et al. reported that the incidence of CKD with the metabolically healthy obesity phenotype was not higher than the incidence associated with the metabolically healthy non-obesity phenotype and lower than that associated with the metabolically abnormal non-obesity phenotype [18] . In our study, 116 of the 244 patients (47.5%) did not have metabolic syndrome, while 36 of the 102 non-obese patients (35.0%) were metabolically abnormal. These characteristics may have affected the associations we observed between obesity and CKD. In a large cohort study of Japanese subjects, higher age was identified as an independent risk factor of CKD [19] . The gender difference of risk in CKD was not clear according to previous studies. The higher risk of men in this study might be based on lifestyle habit including smoking which is known to be a risk factor of CKD. The severity of NAFLD has been reported to be associated with CKD in several cross-sectional and prospective studies [14, 15, [20] [21] [22] . The results of the current study including those of increases in the FIB-4 index ≥1.30 are consistent with previous studies.
In the follow-up cohort, median eGFR decreased by 4.5 mL/min over 3 years. Furthermore, 32 (20.8%) of patients had deterioration in CKD stage, with 15 (9.7%) developing CKD. The rate of eGFR decline in the Japanese general population has been reported to be 0.36 mL/min/year [23] . The presence of NAFLD may accelerate this decline. The change in eGFR in the FIB-4 index decreased or increased groups was -2.00 and -11.30 mL/min respectively. At the same time, the reduction of BMI and HbA1c appeared to have no effect on the change in eGFR. The pathophysiological links between FIB-4 index and renal function remain unclear. It is a well-accepted concept that both NAFLD and CKD are multisystem diseases and that there is interplay between the two diseases as a bidirectional cause and effect relationship. NAFLD per se and release of inflammatory, thrombogenic, oxidative, vasoactive, and fibrogenic mediators by adipose tissue lead to the development and progression of CKD [12, 24, 25] . Furthermore, NAFLD associated with T2DM exacerbates insulin resistance, causes atherogenic dyslipidemia, and activates the rennin-angiotensin system, all of which contribute to CKD [7] . Ectopic fat accumulation in the kidney also results in structural and functional adverse effects in the kidney [26, 27] . Patients with an increased FIB-4 index would be expected to have systemic inflammatory status that is known to cause a deterioration in renal function.
In this study, the PNPLA3 polymorphism was not associated with renal function in both cohorts. Previous study by Sun, et al. reported that PNPLA3 GG allele were associated with renal function in NAFLD patients with normal ALT levels [28] . The difference between present and previous study might be based on the ALT levels of subjects in the study. The further large study is needed to confirm whether PNPLA3 is associated with renal function or not.
This study had several limitations. First, it was a retrospective study in a single center, with the number of subjects in the study not sufficient to confirm a conclusion. The change in BMI, AST, ALT, and HbA1c were not associated with change in eGFR in this study. A further longer prospective study using a larger number of subjects is, therefore, required to draw firm conclusions. Second, we did not collect information on proteinuria and also used a creatinine-based equation to estimate eGFR, a calculation that may not be accurate in patients with cirrhosis [29] .
In conclusion, a FIB-4 index ≥1.30 was associated with CKD, while T2DM was a risk factor for a deterioration of renal function. Patients with a high FIB-4 index and those with increases in the index should receive careful consideration and monitoring of their renal function. In this regard, an appropriate therapeutic strategy for NAFLD patients with diabetes and CKD is needed.
Materials and Methods
Patients
A total of 344 Japanese patients diagnosed with NAFLD were enrolled in this retrospective study from January 2013 to April 2019. For inclusion in the study a liver biopsy finding of steatosis in ≥5% of hepatocytes were required, with patients excluded if they had been diagnosed with other liver diseases, including viral hepatitis, autoimmune hepatitis, and drug-induced liver disease. Patients consuming more than 20 g of alcohol per day and those with evidence of decompensated liver cirrhosis or hepatocellular carcinoma were also excluded. Of the 344 patients, 173 patients had been on medication for longer than 3 years and were enrolled in the follow-up cohort to examine changes in renal function and the relationship between liver function and renal function. All patients provided written informed consent and the study was conducted in accordance with the Declaration of Helsinki 2013. The study protocol was approved by the institution s human research committee (approved on 13 September 2019, reference number; RBMR-G-129-7).
Laboratory and Clinical Parameters
Venous blood samples were collected in the morning after a 12-h overnight fast. Laboratory assays included blood cell counts and measurements of serum concentrations of aspartate aminotransferase (AST), alanine aminotransferase (ALT), GGT, total cholesterol, triglycerides, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), fasting plasma glucose (FPG), and type IV collagen 7s. These parameters were measured using standard clinical chemistry laboratory techniques. Hemoglobin A1c (HbA1c) was assayed using high-performance liquid chromatography and was expressed as National Glycohemoglobin Standardization Program (NGSP) units (%). Body mass index (BMI) was calculated as weight in kilograms/(height in meters) 2, with obesity defined as a BMI >25 kg/m 2 
DNA Preparation and Single Nucleotide Polymorphism (SNP) Genotyping
Genomic DNA was extracted from blood samples using the DNeasy Blood and Tissue kit (Qiagen, Hilden, Germany). The SNP rs738409 was genotyped in each sample using TaqMan SNP genotyping assays (Applied Biosystems, Foster City, CA, USA). Of the 238 patients analyzed, 130 patients were determined to have PNPLA3 variants.
Liver Histology
All enrolled patients underwent a percutaneous liver biopsy under ultrasonic guidance. The liver specimens were embedded in paraffin and stained with hematoxylin and eosin, and Masson-trichrome ( Figure 4) . The specimens were evaluated by two hepatic pathologists who were blinded to the clinical findings. An adequate liver biopsy sample was defined as a specimen >1.5 cm long and/or having more than 11 portal tracts. NASH was defined as steatosis with lobular inflammation and ballooning degeneration, with or without Mallory-Denk bodies or fibrosis. Patients with liver biopsy specimens that showed simple steatosis or steatosis with non-specific inflammation were diagnosed with NAFL. Specimens with steatosis of <5, 5-33, >33-66, or >66% were scored as steatosis grades 0, 1, 2, and 3, respectively. For mild, moderate, and severe ballooning and inflammation (acinar and portal) the necroinflammatory grades were 1, 2, and 3, respectively. The severity of hepatic fibrosis (stage) was scored as: stage 1, zone 3 perisinusoidal fibrosis; stage 2, zone 3 perisinusoidal fibrosis with portal fibrosis; stage 3, zone 3 perisinusoidal fibrosis and portal fibrosis with bridging fibrosis; and stage 4, cirrhosis [31] [32] [33] . 
Statistical Analysis
The distribution of the subject's characteristics was examined using the chi-square test or Mann-Whitney's U test, as appropriate. We performed a logistic regression analysis to identify factors associated with CKD in the total cohort, after adjustment for sex, age, BMI, NAS steatosis, inflammation, and FIB-4 index (<1.30, ≥1.30). We also performed a logistic regression analysis in the follow-up cohort to evaluate risk factors for deterioration of CKD stage and development of CKD after adjustment for sex, age, T2DM, hypertension, FIB-4 index at baseline, and eGFR at baseline. All reported p values were two-sided with the significance level set at 0.05. The statistical comparisons were performed with SPSS software (SPSS Inc., Chicago, IL, USA). 
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